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Abstract 
The present contribution examines the development of acetylene (C2H2) gas sensor through the successful immobilization of 
Ag nanoparticles (NPs) onto the surface of vertically aligned ZnO nanowires (NWs) array. The sensing material was synthesized 
by a facile seed mediated hydrothermal-RF magnetron sputtering method. The grown structure with large effective surface area, 
high aspect ratio, and ordered structural orientation showed remarkable enhancement on the sensing properties of C2H2 at low 
temperature. A maximum response of 30.8 (to 1000 ppm) with a broad detection range (1-1000 ppm) towards C2H2 was obtained 
at an optimum operating temperature of 220oC. The superior sensing features along with excellent selectivity and stability 
indicate the sensor a promising candidate for practical applications. 
© 2015 The Authors.Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of EUROSENSORS 2015. 
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1. Introduction 
Acetylene (C2H2) is extensively used as a fuel or as a raw material in various industrial sectors. Generally, it 
possesses high flammability and restrained toxicity, which may cause massive explosion and possible destruction in 
public life and in environment. With the increasing concern about adverse impacts from such pollutant, and for the 
personal and environmental safety issue, considerable interest has been focused on the development of high-
performance, accurate, and low-power consuming C2H2 sensors. Yet, despite the demands of the practical C2H2
sensors, a few reports have been reported in the literature [1]. Besides, the reported results showed low sensor 
performance, high operating temperature, and complex synthesis processes. 
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One-dimensional (1D) oxide semiconductor nanostructures, such as nanowires, nanorods, nanotubes, nanofibers, 
and nanobelts, have been of immense interest to researchers in the past decade as potential building blocks for 
nanoscale devices like solar cells, lithium ion batteries, optoelectronics, sensors, etc. [2]. Among of various metal 
oxide semiconductors, 1D ZnO nanostructures exhibit more quantum effects compared to other dimensional 
nanostructures and have been investigated largely for gas sensing applications due to their extraordinary 
characteristics like large length-to-diameter aspect ratio and large surface-to-volume ratio [3]. It is known that 
surface-controlled type has profound influence on the gas sensing performance of ZnO, in which the grain size, 
defects, and oxygen-adsorption quantities play important roles. However, similar to other metal oxide 
nanomaterials, ZnO also suffers from shortcomings like high operating temperature, low response magnitude, and 
poor selectivity. The drawbacks are usually overcome through incorporating promoters by using noble metals (Au, 
Ag, Pt, Pd), metal oxides (In2O3, SnO2), or carbon materials (graphene) [4]. This addition particularly provides 
additional active absorption sites for better surface reactions (chemisorptions, oxidation, and reduction) and 
improves the charge transfer processes. In the current contribution, an Ag-loaded vertically aligned ZnO nanowires 
array has been reported with an aim to enhance the C2H2 sensing properties, where the high specific surface area of 
nanomaterials and the synergistic effects of the constituent components were expected to play an important role in 
achieving excellent sensor characteristics at low temperature. 
2. Experimental section 
1D ZnO NWs were grown on SiO2/Si via a simple hydrothermal method in two steps. In the first step, ZnO thin 
film (thickness: 120 nm) was deposited on the SiO2/Si substrate from ZnO seed solution (zinc acetate, Gallium 
nitride, 2-methoxy-ethanol, and monoethanolamine) using spin-coating method. In the second step, the template 
ZnO/SiO2/Si was placed vertically into the mixer of 150 mL solution (4 mM Zn(NO3)2.6H2O), 4 mM (C6H12N4), and 
de-ionized water) in Teflon beaker and heated at 80oC for 6 hours. Finally, the sample was rinsed several times with 
DI water and was placed on a hotplate at 100oC for 30 minutes to remove the residual water. To synthesize the Ag-
loaded ZnO NWs, Ag nanoparticles (NPs) were coated on the as-grown ZnO NWs/SiO2/Si sample using RF 
magnetron sputtering (125 W, 7 mTorr working pressure) in argon environment from the Ag target (99.99%), with 
varied loading times of 6, 8, and 10 seconds. 
To fabricate a simple resistivity-type sensor, two ohmic contacts of gold (Au) with a distance of 9 mm were 
deposited on top of the sensing layer using metal mask (selective area) and RF magnetron sputtering. Gas sensing 
measurements were conducted at atmospheric pressure within a temperature range of 20-270oC for various C2H2
concentrations in a sealed chamber using the flow-through technique. The experimental setup, data acquisition and 
control process were maintained in a similar way to that described in our previous work [5].  
Fig. 1. (a) SEM and (b-d) TEM micrographs of 8 s Ag-loaded ZnO NWs; (e) characteristics XRD analysis of the sensing materials. 
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Fig. 2. Response variation of ZnO NWs and Ag-loaded ZnO NWs 
to 1000 ppm C2H2 as a function of operating temperature. 
Fig. 3. Response versus C2H2 concentration graph of the 8 s Ag-
loaded ZnO NWs sensor at 220oC. 
3. Results and discussions 
Fig. 1 reveals the formation and growth of high purity Ag NPs (dia. ~ 15 nm)-loaded ZnO NWs (dia. 30 nm; 
length: 1.2 µm). Highly uniform ZnO NWs were grown on ZnO seed mediated thin film in a vertical fashion and in 
a very high density over the whole SiO2/Si substrate and were fully covered by tiny sized Ag NPs (Fig. 1(a-b)). The 
lattice distance of 0.235 nm corresponding to (111) planes of face centered cubic (fcc) Ag (Fig. 1(c)); 0.52 nm and 
0.28 nm correspond to the (002) and (100) plane of the hexagonal ZnO (Fig. 1(d)), respectively. The characteristic 
diffraction reflections from XRD analysis confirm the formation of the wurtzite hexagonal phase of ZnO and the 
cubic phase of Ag. The sharp, strong, and dominant peak of ZnO (002) centered at 34.2o was observed in the 
samples, which is comparatively higher than any other peaks, indicates the preferential growth of single crystalline 
ZnO NWs arrays along the [0001] direction [6]. However, no significant peaks from the intermediates, shift in peak 
position or change in lattice parameters indicates the formation of high purity sensing materials. 
Fig. 2 depicts the relationship between response magnitudes of the sensors and the operating temperature 
measured at a C2H2 gas concentration of 1000 ppm. The pure ZnO and Ag-loaded ZnO NWs did not show any 
response up to 70oC. Over 70oC, the response values gradually increased, reached the maximum value at 220oC and 
then decreased with further increase in temperature. The pure ZnO sample showed a similar trend, with lower 
response value than Ag-loaded ZnO NWs samples, but an increasing trend was observed within the temperature 
range. This phenomenon might be attributed to the high working temperature requirement for the pure metal oxide 
based sensors [7]. However, all the Ag-loaded ZnO NWs samples showed higher response than did pure ZnO NWs. 
Among the tested sensors, 8 sec Ag-loaded sensor showed the maximum response (30.8 to 1000 ppm) toward C2H2
at 220oC (Fig. 2) with excellent linearity behavior within 1-1000 ppm gas concentration (Fig. 3), which indicates 
that the sensor can be suitable to detect C2H2 with higher gas concentrations. The enhanced sensing properties might 
be attributed to the proper interface between Ag and ZnO that generated additional charge carriers or oxygen 
vacancies on the sensing surface, and better catalytic influence of Ag toward C2H2 molecules [5, 8]. Response and 
recovery time of the samples were measured to 1000 ppm C2H2 concentration and it was found that the 8 s Ag-
loaded sample reached to its maximum response peak position within 43 seconds when exposed to C2H2, and 
returned to its baseline position within 86 seconds when the C2H2 supply was stopped. 
To determine the selectivity of the sensor, 8 s Ag-loaded sample was exposed to various test gases, and the 
results from exposure to 1000 ppm of those test gases are presented in Fig. 4. Results showed that the fabricated 
sensor has a very good selectivity property, which might be attributed to the high selective absorption of the Ag 
catalyst with C2H2 molecules. The stability of the 8 s Ag-loaded ZnO NWs sensor was examined, and the results are 
shown in Fig. 5. The sensor showed excellent stability with less than 2.5% drift in response during its two months of 
operation. Such high stability indicates stable morphology and good crystallinity of the fabricated sensing layer. 
585 A.S.M. Iftekhar Uddin and Gwiy-Sang Chung /  Procedia Engineering  120 ( 2015 )  582 – 585 
Fig. 4. Selectivity property of the pure ZnO NWs and 8 s Ag-
loaded ZnO NWs to 1000 ppm test gases at 220oC. 
Fig. 5. Response stability of the 8 s Ag-loaded ZnO NWs at 
220oC for two months of operation. 
4. Conclusions 
In summary, an Ag-loaded vertical ZnO nanowires array based highly stable C2H2 gas sensor has been 
demonstrated. The 8 s Ag-loaded ZnO NWs sensor showed remarkable enhancement on the C2H2 sensing 
performance, with high response magnitude (30.8 to 1000 ppm), fast response time (43 seconds), broad detection 
range (1-1000 ppm), and excellent selectivity at 220oC. The enhanced sensing properties were attributed to the 
presence of a depleted oxygen layer on the surface of the grown 8 s Ag-loaded ZnO NWs arrays and its high 
electron transfer process via good electro-catalytic activity towards C2H2. Along with these enhanced properties, the 
grown structure showed long-term stability, which makes it a promising candidate for the fabrication of an effective 
C2H2 sensor. Therefore, we hope that the sensor will open up a new path for practical applications. 
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